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(54) Freeze-drled preparation containing monoclonal antibody 

(57) The present invention relates to a freeze-dried 
monoclonal antbody preparation containing a cartxsxy- 
lie add or its salt. 

According to tiie present invention, by adding a car- 
boxylic acid or its salt, it has become possO^le to prevent 
denaturation of monoclonal antibodies during freeze- 
drying. The present invention provides, therefore, a 
freeze-dried monoclonal arrtibody preparation having a 
stabilized antigen-binding activity. 

The freeze-dried monoclonal antibody preparation 
of the present invention n^ be used, like other immu- 
noglobulin preparations, as an adminiculum for immu- 
noauxotherapy for prophylaxis and treatment of 
bacterial Infectious diseases and viral infectious dis- 
eases. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a freeze-dried preparation conprising a monoclonal antibody(or antibodies) as a 
main Ingredient(s). 

PRIOR ART 

10 A monoclonal antibody is a homogeneous globiJtn protein having reactivity to onfy a specific epitope. Recent 
progress in technologies of celt fusion, cultivation and protein purification, etc. has made it possible to produce large 
amounts of monoclonal antbodies. As a result monoclonal antibodies have come to be utilized in various fields, such 
as various analyses, diagnoses, treatments and prophylaxes. In particular, expectations of monoclonal antibodies as 
medicines for treatments and prophylaxes are increasing. Above all. thar application to human txxiies is expected to 

15 be developed further more in future, and development of human-derived morK>clonal antibodies which are favoratile in 
point of antigenicity is being advanced. 

Hitherto in this technical field, polyclonal antibodies such as intmunoglobulins have been used for the same pur- 
pose for medical diagnc^s and treatment While a monoclonal antibody is a homogeneous one having reactivity to only 
a specific epitope, a polyclonal antbody is a mixture of plural antibodies as is named sa Therefore, in a polyclonal anti- 

20 body, plural molecules each having different properties act to mutually stabilize them so that such a polyclonal antibody 
is, as a whole, in a relative stable state. However, in a purified monoclonal antibody, stabilization by the interaction 
between different molecules could not be expected so that such a monoclonal antibody is unstable to various physical 
and chemical actions irrespective of the globulin class of itself. 

Globulin proteins such as monoclonal antibodies and polyclonal antibodies are often heated for the purpose of 

25 Inactivating viruses therein, especially when they are used for medical diagnosis and treatment Such globulin proteins 
are unsuitable to storage in the solutions for a long period of time. TTierefbre, employment of freeze-drying formulation 
has been common for a stable storage of such globulin protein molecules. In addition, the globulin proteins are often 
treated with acids or alkali substances, if desired. 

To such heat-treatment, freeze^lrying and add- or alkali-treatment, polyclonal antibodies are generally stable, but 

30 monoclonal antibodies would often be denatured and easily lose their activity by such treatment. In particular. IgM is 
less stable than any other monoclonal antibodies of other globulin classes (e.g., IgQ. IgA and IgE). Regarding heat- 
treatment of antibodies, for example. JP-A 61 -76423 (the term "J P-A" means an "unexamined published Japanese pat- 
ent application") disdo&es the fact that monoclonal ant&odies are unstable to heat-treatment and that, for the purpose 
of overcoming the thermal instability, a hydrolysate of ovalbumin is added to a monoclonal antibody preparation. 

35 On the other hand. freeze<lrying treatment involves a problem specific to monoclonal antibodies. Namely, in 
freezedrying a monoclonal antibody, if a monoclonal antibody solution is freeze-dried without adding a stabilizer 
thereto, there occurs a problem of decrease of the antigen-binding activity of tiie monoclonal antibody due to denatur- 
ation of itself during freeze-drying. Therefore, it is necessary to prevent this problem. The problem is noticeable in 
freeze-drying a monoclonal antbody. while rt is not so significant in freeze-drying a polyclonal antibody as a polyclonal 

40 antitxxly is stable because of the above-mentioned reasons. 

In prepasinQ a freeze-dried product of a monocfonal antibody, addition of albumin of a heterologous protein to a 
solution of a monoclonal antibody befae freeze-drying (for example. JP-A 60-146833. 61-78730 and 61-78731. and 
WO 90/1 1091) or addition of maltose of a saccharide thereto (for example, WO 89/1 1297) is known. 

Immunoglobulins of polyclonal antibodies are usually used at a relatively low concentration, and aggregates would 

45 often form in the solutions during storage or during the succeeding freeze-drying treatment. The aggregates are con- 
sidered to cause a serious anaphylactoid side effect when tiie globulin containing them is intravenously injected to 
human bodies. Therefore, for the purpose of preventing formation of such aggregates, addition of a heterologous pro- 
tein to the stock solutions is known. For instance, addition of gelatin alone of a heterologous protein to an immunoglob- 
ulin solution (tor example. JP-A 58-167516. Vbx. Sang. (1983) 51, 81-86} or addition of both sucrose of a saccharide 

50 and gelatin thereto is known to be effective for preventing formation of aggregates in the stock solutions and also for 
maintaining antibacterial and antiviral activities (SU 7001 32). All the technologies as disclosed above are to prevent for- 
mation of aggregates in a high concentration solution of an imntunoglobulin of a polyclonal antibody None of them men- 
tion or discuss the nrnXter of decrease of the antigen-binding activity of polyclonal antbodies due to freeze-drying 
treatment On the other hand, a monoclonal antibody is stored or freeze-dried in the form having a relatively low con- 

55 centration. Even under such a low concentration, however, there is st31 a problem of denaturation of a monoclonal anti- 
body during freeze-drying as welt as a problem of decrease of its antigen-binding activity. The matter has not heretofore 
been identified as to whether or not additfon of gelatin used to prevent fornrmtion of aggregates of immunoglobulins 
would be useful for solving this problem. 
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On the other hand, it is widely known that caitoxylic acids and their salts are used as a component df buffers for 
pH maintenance of various protein solutions. For Instance. WO 89/1 1 298 discloses addition of maltose, sodium chloride 
or sodium phosphate, as a stabilizer, to a stock solution of a monoclonal antibody for the purpose of preventing forma- 
tion of aggregates to precqMtate in the solution. It also mentions use of sodium citrate, in addition to sodium phosphate, 

5 as a component of the buffer. However, it merely indicates a technology of preventing fomiation of aggregates in a stock 
solution of a monock)nal antibody during storage, but it does not cfisclose at all a treatment for freeze<lrying a mono- 
clonal antibody, a treatment for preventing denaturation of a monoclonal antibody during freez&<jrying it and also a 
treatment for preventing decrease of the antigen-binding activity thereof. WO 89/1 1297 discloses a technology of add- 
ing maltose, as a stabilizer, to a nfX>nock>nal IgG antibody solution to be freeze-dried and further adding, as a buffer 

10 component, of 5 to 10 mM sodium acetate thereto so that the pH value of the solution is kept to fall whhin an acidic 
range of being from 3 to 6. In this case, sodium acetae te obvbusly used as a component of a buffer solution. WO 
69/1 1297 suggests nothing as to the fact that cartxixyfic acid or its salt would still act as a stabilizer for preventing dena- 
turation of antibody during freeze-drying treatment thereof in the pH range where the cartxsxylic acid or its salt does not 
have their buffer actk)n. Regarding a pH range of an antibody solutk)n. if an antibody solution having a low pH value is 

15 intravenously injected as an injection to a body, it would often have a pain in the injected part thereby. Where an anti- 
body solution is used as an injection, it is desirable to have a pH value in an approximately neutral pH range. However, 
utilization of such a use of an antibody solution in a neutral pH range Is not suggested in WO 89/1 1297. 

For the purpose of inactivating viruses wirtiich would contaminate immunogtobulins in preparing them from sera or 
plasrm. immunoglobulins are often heated in the form of their solutions. For instance, JP-A 62-292731 . 61 -194035, 61 - 

20 1 91622 and 57-140724 disdose addition of carboxylic acids to said globulin solutions for this purpose. JP-A 61-78730 
and 61-78731 disclose addttkm of sodium acetate to immunoglobulins and heating them in a dry state. However, all of 
them merely mention addition of cartxucylic acids for the purpose of stabilizing immunoglobulins in the heat-treatment. 
It has not heretofbr been known whether or not carboxylic acids and their salts would be useful for preventing denatur- 
ation of antibodies during freeze-drying of them and also for preventing decrease of an antigen-binding activity owing 

25 to said denaturation. 

PROBLEM TO BE SOLVED B Y THE INVENTION 

The object of the present invention is to provkie stable freeze-dried preparations of monoclonal antibodies, which 
30 are free from denaturation of the monoclonal antibodies during freeze-drying of them and from deaease of their anti- 
gen-binding activity owing to said denaturation. 

fwlEANS FOR SOLVING THE PROBLEM 

35 The present inventors earnestly studied for the purpose of solving the above-mentioned problem and, as a result, 
have found that gelatin, cartxixylic acids or their salts are effective for stabilizing a monoclonal antibody in freeze-drying 
it. Namely, they have found that, by addition of gelatin to a solution containing a monoclonal antibody to be freeze-dried, 
denaturation of the monoclonal antbody during freeze-drying it as well as decrease of its antigen-binding activity may 
be prevented and that by addition of cartxsxylic acid or its salt to a solution containing a monock)nal arrtibody to be 

40 freeze-dried, denaturatkm of the monoclonal antibody during freeze-drying it as well as decrease of its antigen-binding 
activity owing to sakJ denaturation may be prevented in a broad pH range and even at a pH value being outside the 
range where a buffer action is exhibited. On the basis of these observations, they have found that it is possible to pre- 
pare a stable and highly safe preparation composition of a monoclonal antibody, and have completed the present inven- 
tion. 

45 Specifically, the present invention provkies a freeze-dried preparation containing a monock)nal antibody and geltain 
as well as a preparation as prepared by freeze-drying a solution containing a monoclonal antibody and cartx>xylic acid 
or its salt and having pH between 6.1 and 8.1 . 

Next, the present invention will be explained concretely hereunder. 

The monoclonal antibody to be used in the present invention is any and every monoctonal antibody that is generally 
so obtained from human beings, mice, rats and others, and the origins and the producing means are not speciftoally 
defined. For instance, the monoctonal antibody for use in the present invention may be obtained frcmi a culture medium 
as obtained by cultivating antibody-producing cells as prepared by known methods such as cell fusion rriethod or trans- 
formation method, or t>y cultivatir^ cells into which a ctoned antibody gene has been incorporated, or from ascites, etc. 
of a mouse into which such antibody-producing cells have been transplanted. For purifying the monodonat antibody 
55 obtained from such a cefl cutture medum or mouse ascites or the like, usable are various purification methods such as 
ammonium sulfate salting-out ton exchange chromatography, gel filtration, affinity chromatography, ultra-centrifugation, 
adsorption chronratography and hydrophobic chromatography. The globulin classes of the monoclonal antibody to be 
used in the present invention are mostly IgG, IgA and IgE. but they are not specifically defined. A nronodonal anti- 
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body of any globulin dass can be used in the present invention. Above all. IgM is less stable than those of other globulin 
classes. Therefore, the stabilizing method effective to IgM dass monoclonal antit>ody niay easily be applied to mono- 
donal antibodies of other globulin dasses. In the present invention, a single nionodonal antibody nray be used or plural 
monoclonal antibodies may be also used as a mixture of them with no problem. 

5 Gelatin may be grouped into two types (neutral type and acidic type) according to the methods of preparing it, of 
which the isoelectric points are different from each other. Both of them may be used in the present invention. In addition, 
chemically modified gelatins such as oxypolygelatin or modified liquid gelatins may be also used. 

As cartxsKlyic acid, usable are, for example, citric add. acetic add. oxalic add, succinic add and fumaric acid. Citric 
add is preferable. AS salt of carboxylic acid, usable are. for example, sodium citrate, potassium citrate, sodium acetate, 

10 potassium acetate, sodium cxalate, potassium oxalate, sodium succinate, potassium succinate, sodium fumarate and 
potassium funrtarate. Sodium citrate is preferable. 

For ttie purpose of stabirizing the monodonal antibody or for the purpose of pH adjusting, isotonicating and buffer- 
ing the rTX)nodonal antibody-containing solution to be freeze-dried. inorganic salt, monosaccharide, disaccharide. 
sugar alcohol or amino add may be further added, in addition to gelatin or carboxylic acid or its salt 

15 As inorganic salt, usable are. for example, sodium chloride, potassium chloride and magnesium chloride. Sodium 
chloride is preferable. 

As monosaccharide, usable are, for example, glucose, mannose. galactose and fructose. Glucose or mannose is 
preferabia 

As disaccharide. usable are. for example, maltose, sucrose and lactose. Maltose or sucrose is preferable. 
'io As sugar alcohol, usable are, for example, sorbitol and n^nnKol. Mannitd is preferable. 

As amino add. usable are, tor example, glycine, alanine, valine, leudne. tsoleudne. tyrosine, phenylalanine, serine, 
threonine, glutamine, glutamic acid, asparagine. aspartic add, argJnine. lysine, hislidine, proline, tryptophan, methio- 
nine and cysteine. Glydne or arginine is preferable. ~ 

For produdng tiie freeze-dried preparation of the present invention, a nrtonoclonal antibody solution containing gel- 
25 atin or carboxylic acid or its salt may be freeze-dried. Preferably, a monodonal antibody solution is added to a buffer 
containing gelatin or carboxylic add or its salt and having an adjusted pH value; or gelatin or cart>oxylic acid or its salt 
is added to a monodonal antibody-containing solution. The concentration of the nxmoclonal antibody in the solution to 
be used in the present invention is from 0.01 nrrg/ml to 50 mg/ml, preferably from 0.1 mg/ml to 10 mgAnl. The addition 
amount of gelatin is from 1/100 to 100 parts by weight to one part by weight of the monoclonal antibody Preferably, it 
30 is from 1/10 to 10 parts by weight to one part by weight of the same The concentration of cart)0xylic acid or its salt to 
be added is from 2 mM to 500 mM, preferably from 10 nM to 200 mM. 

The pH value of tiie solution of dissolving tiie monoclonal antibody to be freeze-dried is from 4.0 to 8. 1 when gelatin 
is added thereto; or it is from 6.1 to 8.1 , preferably from 6.5 to 7.8, when cartxsxylic add is added or both gelatin and 
carboxylic add are added. Adjustment of the pH value of tiie solution may be done by use of organic acids, inorganic 
35 adds, inorganic salts or other compounds which are generally used for pH adjustment, singly or in combination of two 
or more of them. As conpound usable for such pH adjustment, there are mentioned, for example, citric acid, sodium 
citrate, potassium citrate, phosphoric add. sodium phosphate, potassium phosphate, hydrochloric add, tris(hydroxyme- 
thyQaminomethane. acetic add. sodium acetate, potassium acetate, sodium hydroxide, boric acid, sodium borate, and 
potassium borate. The concentration of the buffer of dissolving the monodonal antibody is from 5 mM to 500 mM. pref- 
40 erably from 10 mM to 500 mM. As mentioned above, carboxylic acid or its salt may be also used for pH adjustment of 
a monoclonal antiboy containing solution, and the above-mentioned anxHjnt of tiie add or its salt indicates all the 
amount ttiereof in the solution including one for pH adjustment. 

The thi« prepared monodonal antibody solution may be well statrfe when freeze-dried directly as it is. It is also pos- 
sible to add thereto a surlactant such as Tween 20 or Tween 80, a human or bovine albumin, or a chelating agent such 
45 as EDTA. for tiie purpose of isotonicating tiie solution or of preventing adhesfon of the monodonal antibody to the con- 
tainer containing the solution. 

Freeze-drying of ttie monoclonal antibody solution may be carried out by any ordinary known metiiod, and tiie dry- 
ing temperature and tiie vacuum degree in the method may be seleded suitably. 

50 EXAMPLES 

Next, the present invention will be explained by way of tiie following examples, which are, however, not limitative. 
IgM is exemplified herein as a monodonal antibody in the present invention. This is because, as mentioned above. IgM 
is less stable ttian antbodies of ottier globulin dasses (e.g.. IgG. IgA and IgE). and therefore the stabilizing effect to be 
65 verified in IgM may be easily applied to antibodies of other globulin dasses. 
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Exa!mp\e 1: 

Cells of Epstein-Barr virus (EB virus) transformed cell line MP-5038 (FERM BP-1596) reactive to Group E serotype 
Pseudomonas aeruginosa were cultured, and a human monoclonal antibody was purified from the culture supernatant 

5 by ammonium sulfate salting-out, gel f atrotion with Sephacryt S~300 (Pharmacia Co.) and column chronatography with 
a hydraxyapatite HPLC column (Mitsui Toatsu Chemicals. Inc.) and Blue-Sepharose (Pharmacia Co.). The monoclonal 
antibody as obtained by these methods had a purity of 99% or higher, as analyzed by SDS-electrophoresis and HPLC 
with a gel filtration column. The monoclonal antibody was dissolved in a phosphate-buffered physiological saline having 
an adjusted pH value of 7.4 (hereinafter refen'ed to as PBS), to have a final concentration thereof of being 0.1 mgMiI. 

10 On the other hand, gelatin (Ngh-grade gelatin; Nippi Co., type A (neutral gelatin) and type B (acidic gelatin)) was added 
thereto to have a final concentration thereof of being from 0.001 to 1%. The resulting solution was then put in 2 ml-vol- 
ume polypropylene ayotubes (Corning Co.) under a sterilized condition, each in an amount of 0.5 ml. and frozen 
therein at -dO'^C. These were freeze-dried In vacuo. After dried, the same amount, as that before freeze-drytng. of a dis- 
tilled water for injection was added to the freeze-dried product so that the product was dissolved The antigen-binding 

IS activity of the monoclonal antbody in the resulting solution was measured by the method mentioned below. 

(Method of Measuring Antigen-Binding Activity) 

Measurement of the antigen-t)inding activity of the anti -Pseudomonas aeruoinosa antibody was carried in the man- 

20 ner mentioned below. A lipopolysacchartde (LPS), as prepared from fonnalin-killed cells of Qroup E serotype Pseu- 
domonas aeruginosa ATCC 27581 by Tanabe et al's method (Menekijikkensousahou C, (1978) 1793-1801), was 
dissolved in PBS to have a concentration of 1 mg/ml, and this was diluted by 500-fbld with 0.1 M phosphate buffer (pH 
7.0). The thus diluted solution was then put in wells of a 96-well ElA plate (lmmulon-600; Greiner Co.) in an amount of 
50 ^l/well. The plate was allowed to stand at 4°C overnight for coating, and tt was then washed with PBS containing 

25 0.05% Tween 20 (hereinafter refen'ed to as a %vashing solution*^. A PBS containing 0.5% bovine serum albumin (here- 
inafter referred to as a "blocking solution"^ was added to each well in an amount of 200 ^I/well, and the plate was then 
shaken at room temperature for one hour so that the non-specific protein-binding sites were saturated. After the block- 
ing solution was removed, solutions of a sanrple to be tested, each tiaving a multi-fold diluted concentration in order 
from a determined concentration, were put in the welts each in an amount of 1 00 ^ell, and the plate was then shaken 

30 fa 2 hours at room tenperature. After washed with the washing solution four times, a peroxidase-labeled goat anti- 
human IgM antibody (Vago Co.) was diluted by 1000-fokt witii the blocking solution, and was put in each well in an 
amount of 100 (ilAvell, and the plate was shaken at room temperature for 2 hours. After washed with the washing solu- 
tion four times and then with 0.1 M citric ackd buffer (pH 4.0) one time, a substrate solution containing 1 mg/ml of 2,2*- 
azinobi&(3-ethyIbenzothiazoline-6-8ulfbnic acid) and 0.003% hydrogen peroxkle in the same buffer was put into each 

35 well in an amount of 50 )il/well. and the plate was then shaken at room temperature. After 30 minutes. 2% succinic acid 
was added to each well in an amount of 50 ^IMell so that the enzymatic reaction therein was stopped, the absortsance 
at 414 nm was measured with a 96-well plate reader (Nippon InterMed Ca). Doi^e bgarithmic plotting was done 
between the reciprocal of the diluting nugnification and the absort)ance, and the diluting magnification to show the 
absort>ance of being 0.1 was obtained and irtdicated as the antigen-binding activity of the sample tested. 

40 The results are shown in Table 1 . as a relative activity on ttie basis of the antigen-binding activity of the sample 
before frozen of being 10. Where a monoctonal arrtibody was freeze-dried without addition of gelatin thereto, the anti- 
gen-binding a^ivity noticeatsly decreased. As opposed to the case, when gelatin was added, the antigen-bindability 
was wen recovered e/en in the freeze-dried product, and the effect depended upon tiie concentration of the gelatin 
added. 

45 



Table 1 



Gelatin Concentration 
(%) 


Antigen-Binding Activity 




Neutral Gelatin 


Acidic Gelatin 


0 


2 


2 


0.001 


4 


3 


0.003 


6 


6 


0.01 


10 


8 


0.03 


10 


10 
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Table 1 (continued) 



Gelatin Concentration 


Antig^-Binding Activity 


(%) 








Neutral Gelatin 


Acidic Gelatin 


0.1 


10 


10 


1 


10 


10 



Example 2: 



The 6ame nfionodonal antSxxly as that used in Example 1 was dissolved in various buffers each having a different 
plH value to each have a final concentration ofJ)J^CT ^Lp n the other hand, a neutral gelatin was added to them to 
each have a final concentration of 0.01%. EaSroTOStTwas put in polypropylene cryotubes each in an amount of 0.5 
IS nrd under a sterilized condition and frozen at -80^C. These were then f reeze-dried in vacuo. The same amount as that 
before freeze^trying, of a distilled water for injection was added to the freeze-dried product so that the product was dis- 
solved, and the antigen-binding activity of the rTK}noc]onal antibody in the resulting solution was measured. 

The results obtained are shown in Table 2. as a relative activity based on the activity of the sanple before frozen of 
being 10. At every pH condition, the antigen-binding activity was well recovered. 



Table 2 



Bufler(0.2 M) 


pH 


Gelatin Concemrati'on 
(%) 


Antigen-Binding Activity 


Sodium Citrate 


4.0 


0.01 


10 




5.0 


0.01 


10 




6.0 


0.01 


10 


Sodium Phosphate 


6.2 


0.01 


10 




7.0 


0.01 


10 




8.1 


0-01 


10 



35 

Example 3: 



^0^1j^P|g^!rpi^^ concentration, of the same monoclonal antibody as that used In Example 1 was dissolved in 
ao^rtf^'ph^piiatebuffer (pH 7) not containing or containing 2 or 10 mM sodium citrate, whereupon the salt concentra- 

40 tion of the resulting solution was adjucted to be 150 mM with sodiuni chloride. The monoclonal antibody solution was 
then put in polypropylene cryotuk>es under a sterilized condition, each in an amount of 0.5 nd. and frozen therein at - 
SO^'C. These were freeze-dried in vacuo. The same amount, as tiiat before freeze-drying, of a distilled water for injection 
was added to the freeze-dried product so that tiie product was dissolved. The antigen-tending activity of the nrKmoclonal 
antibody in the resulting solution was measured. 

45 The results obtained are shown in Table 3, as a relative activity based on the activity of the sanrple before frozen of 
being 10. Where the monodonal antibody was freeze-dried in the absence of sodium citrate, the antigen-dinding activ- 
ity of the freeze-dried monoclonal antibody noticeably decreased. As opposed to tiie case, when the ntonoclonal anti- 
body was freeze-dried in the presence of sodium citrate, then the antigen-dinding activity of the freeze-dried 
monoclonal antibody was well recovered, depending upon the concentration of the sodium citrate as added. 

so 



Table 3 



Sodium Citrate Concen- 
tration (mM) 


0 


2 


10 


Antigen-Binding Activity 


2 


5 


9 



6 
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Example 4: 

0.1 mg/mt, as a final concentration, of the same monoclonal antibody as that used in Example 1 was dissolved in 
50 mM phosphate buffer (pH 6.1 to 8.1) containing sodium citrate in a concentration of from 10 mM to 200 mM. where- 

5 upon sodium chloride was added thereto, if necessary, so that the salt concentration of the resulting solution became 
150 mM. The resulting monoclonal antibody solution was then put in polypropylene cryotUbes under a sterilized condi- 
tion, each in an amount of 0.5 ml, and frozen therein at -eo^C. These were freeze-dried in vaccua The same amount, 
as that before freeze-drying. of a distilled water for injection was added to the freeze-dried product so that the product 
was dissolved. The antigen-bincfing activity of the monoclonal antibody in the resulting solution was measured. 

10 The results obtained are shown in Table 4, as a relative activity based on the activity of the sample before frozen of 
being 10. By adding sodium cftrate at pH of from 6.1 to 8.1 , the antigen-binding activity of all the freeze-dried products 
was well recovered. 



Table 4 



pH of Solution 


Antigen-Binding Activity Sodium 
Citrate Concentration (mM) 




10 


50 


100 


200 


6.1 


10 


10 


10 


10 


7.0 


9 


10 


10 


10 


8.1 


9 


10 


10 





25 

Example 5: 

Ojjri gj[gg},«as>a>final concentration, of the same monoclonal antibody as that used in Example 1 was dissolved in 
'^PSSrin^ition. 0.003%. as a final concentration, of a neutral gelatin was added thereto, and further glucose, suaose. 

30 mannitol. glycine or arginine was added thereto in an amount, as a final concentration, of from 0.001 to 0.1%. The 
resulting monoclonal antibody solution was then put in polypropylene cryotubes under a sterilized condition, each in an 
amount of 0.5 ml, and frozen therein at -SO^C. These were freeze-dried in vacua The same amount, as that before 
freeze<lrytng. of a distilled water for injection was added to the freeze-dried product so that the product was dissolved. 
The antigen-binding activity of the monoclonal antflxxly in the resulting solution was measured. 

35 The results obtained are shown in Table 5. as a relative activity based on the activity of the sample before frozen of 
being 10. The antibody activity was well recovered In all cases of the low nx>laculBr substances, depending upon the 
concentration of them. 



Tables 





Concentration of Gelatin 
(%) 


Concentration of Low 
Molecular Sutjstance 
(%) 


Antigen-Binding Activity 


45 






glucose 


suaose 


mannitol 


glycine 


arginine 




0.003 


0.001 


7 


7 


7 


8 


7 




0.003 


0.003 


8 


8 


7 


8 


8 




0.003 


0.01 


8 


6 


8 


10 


8 


SO 


0.003 


0.03 


8 


8 


8 


10 


8 




0.003 


0.1 


8 


10 


8 


10 


8 




0.003 


0 


8 


6 


6 


6 


6 
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Example 6: 



0.1 mg/ml, as a final concentration, of the same monoclonal antibody as that used in Example 1 was dissolved in 
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PBS. In addition, 0.003%. as a final concentration, of a neutral gelatin was added thereto, and further 0.5 or 1%. as a 
final concentration, of mannitol was added thereta The resulting monoclonal antSxxiy solution was then put in polypro- 
pylene cryotut)es under a sterilized condition, each in an amount of 0.5 ml, and frozen therein at -80**C. These were 
freeze-dried in vacuo. The same amount, as that before freeze<lrying, of a distilled water for injection was added to the 
5 freeze-dried product so that the product was dissolved. The antigen-binding activity of the monoclonal antibody in the 
resulting solution was measured. 

The results obtained are shown in Table 6, as a relative activity based on the activity of the sample before frozen of 
being 10. The antigen-binding activity was well recovered in all the freeze-dried products, each containing a different 
concentration of mannitd. 

10 



Table 6 



Concentration of Manni* 

tDl(%) 


0.5 


1.0 


Antigen-Binding Activity 


10 


10 



Example 7: 

20 1 mg/ml, as a final concentration, of the same monoclonal antibody as that used in Exanrple 1 was dissolved in 0.1 
M phosphate buffer (pH 7.0} containing a neutral gelatin (0.01%), sodium citrate (0.02 M), mannitol (0.5%) and sodium 
chloride (0.05 M). The resulting monoclonal antibody solution was then put in 10 ml-volume glass vials (Iwaki Glass 
Co.) under a sterilized condition, each in an amount of 1 ml, and frozen therein at -SO^C. These were freeze-dried in 
vacuo. The same amount, as that before freeze-drying. of a distilled water for injection was added to the freeze^iried 

25 product so that the product was dissolved. The antigen-binding activity of the monoclonal antbody In the resulting solu- 
tion was measured. As a result, the freeze-dried monoclonal antibody products were found to have the same antigen- 
binding activity as that of the samples before frozen. 

Example 8: 

30 

1 mg/ml, as a final concentration, of the same monoclonal antibody as that used in Example 1 was dissolved in 0.1 
M phosphate buffer (pH 7.0) containing sodium citrate (0.02 M). sodium chloride (0.05 M) and mannitol (0.5%). The 
resulting monoclonal antibody solution was then put in glass vials and frozen therein at -SO^C. These were freeze^iried 
in vacuo. The same amount, as that before freeze-drying, of a distilled water for ir^'ection was added to the freez&<1ried 
35 product so that tiie product was dissolved. The antigen-binding activity of the monoclonal antibody in the resulting solu- 
tion was measured in the same manner as in Example 1. As a result, tiie freeze-dried monoclonal antibody products 
were found to have the same antigen-binding activity as that of the samples before frozen. 

Example 9: 

40 

Cells of human-hunwn hybridonra MP5121 (PERM BP-2270) producing a human IgM reactive to Group A serotype 
Pseudomonas aeruginosa, which had been produced by cell fusion, were cultured, and the monoclonal antibody was 
purified from the culture supernatant in the same manner as in Example 1. The monoclonal antibody was dissolved in 
0.1 M phosphate buffer (pH 7.0) containing sodium citrate (0.02 M). sodium chloride (0.05 M) and mannitDl (0.5%), to 

45 have a final concenf ation tinereof of being 1 mg/ml. The resulting ntonodonal antfixxly solution was then put in glass 
vials and frozen therein at -80°C. These were freeze-dried in vacuo. The same amount, as that before freeze-drying. of 
a distilled water for injection was added to the freeze-dried product so that the product was dissolved. The antigen-bind- 
ing activity of the monoclonal antibody In the resulting solution was measured in the same manner as in Example 1 , 
provided that the antigen LPS was extracted from Group A serotype Pseudomonas aerugionsa (ATCC 27577). As a 

so result, the freeze-dried monoclonal antibody products were found to have the same antigen-binding activity as that of 
the samples before frozen. 

Example 10: 

SB Monoclonal antibodies were purified from culture super-natants of cells of human IgM-producing hunrian-human 
hybridoma MP5097, MP5139, MP51 14 and MP5156 (PERM BP-2268. 2272, 2269 2339. respectively), all of which had 
been produced by cell fusion. These monoclonal antibodies had reactivity with Pseudomonas aemoinosa and were 
reactive to Groups B, E, G and I serotypes Pseudomonas aeruginosa, respectively Five kinds of monoclonal antibodies 
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comprising 4 kinds of these monoclonal antibodies and the monoclonal antibody used in Exanrple 9 were dissolved in 

0. 1 M phosphate buffer (pH 7.0) containing sodium citrale (0.02 M), sodium chloride (0.05 M) and mannitol (0.5%), 
each in an amount, as a final concentration, of 5 mg/ml. TTiese monoclonal antbody solutions were put in glass vials 
and frozen therein at -80''C. These were freeze-dried In vacua The same amount, as that before f reeze-drying, of a dls- 

5 tilled water for injection was added to each of the freeze-dried products so that each product was dissolved. The anti- 
gen-binding activity of each of the nronodonal antibodies in the resulting solutions was measured in the same manner 
as in Example 1 , provided that as the antigen to each antibody, used were LPSs as extracted from ATCC 27577 (to 
Group A serotype), ATCC 27578 (to Group B serotype), ATCC 27581 (to Group E serotype). ATCC 27584 (to Group G 
serotype) and ATCC 27586 (to Group I serotype), respectively. As a result, the freeze-dried monoclonal antibody prod- 

10 ucts were found to have the same antigen-binding activity to the five Pseudomonas aeruginosa LPSs of different sero- 
types, respectively, as that of the samples before frozen. 

APVANTAQ^ QF THE INVENTION 

IS In accordance with the present invention characterized by addition of gelatin or cartx>xylic add or Hs salt to a mon- 
oclonal antibody-containing solution to be f reeze^iried. denaturation of a monoclonal antibody during f reeze-drying can 
be well prevented so that a monoclonal antibody-containing freeze-dried preparation having a stable antigen-binding 
activity can be provided. The present Invention may be applied to a monoclonal antftxxly of any globulin dass, including 
IgG, IgM, IgA and IgE. Especially, It can be sufficiently applied to unstable IgM. The present invention may be well 

20 applied to any of human-derived, mouse-derived and rat-derived nnonoclonal antibodies. The number of the kinds of the 
monoclonal antibodies to be contained in the freeze-dried preparation of the present invention may be one or more. 

The monoclonal antibody-containing freeze-dried preparation of the present invention may be used, like other 
immunoglobulin preparations, as an adminiculum for immunoauxotherapy for prophylaxis and treatment of bacterial 
infectious diseases and viral infectious diseases. 

25 

Claims 

1 . A preparation which is prepared by freeze-drying a solution comprising a monoclonal antibody and carboxylic acki 
or its salt and having pH of from 6.1 to 8.1 . 

30 

2. The preparation as claimed in claim 1 , in which the carboxylic acid is citric acid. 

3. The preparation as claimed in claim 1 or claim 2, in which the monoclonal antibody is a human-derived one. 

35 4. The preparation as claimed in any one of claims 1 to 3. in which the monoclonal antibody is one having a globulin 
class of IgM. 

5. The preparation as claimed In any one of claims 1 to 4, which further contains at least one of monosaccharide, dis- 
accharide, sugar akx}hol and amino add. 



40 



45 



50 



55 



6. The preparation as claimed in any one of claims 1 to 5. which contains plural nrK)nodonal antibodies. 
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